T otal knee arthroplasty (TKA) is one of the most frequently performed surgeries in the field of orthopedics, due to the extension of the average life span. Total knee arthroplasty has a high success rate in relieving pain and improving knee function.
Therefore, patient-specific instrumentation (PSI)-assisted TKA has been developed. Patient specific instrument-assisted TKA can ultimately maintain the patient's original knee joint alignment through custom cutting blocks constructed based on preoperative 3-dimensional computed tomography (CT) imaging, and it also reduces the surgical time and minimizes number of instruments required. [5] [6] [7] The purpose of this study was to compare the clinical and radiologic results between PSI-assisted TKA and conventional TKA after follow-up of 2 years.
Materials and Methods
From October 2011 to August 2012, 64 patients who underwent TKA were evaluated. The current authors included the patients who were diagnosed with moderate to severe primary osteoarthritis of the knee. The current authors excluded patients with posttraumatic arthritis, secondary osteoarthritis, inflammatory arthritis, or neuropathic joints. The mean age of the patients was 67.6 years (range, 56-78), and all patients had a minimum of 2 years follow-up. The current authors divided the patients into 2 groups; the PSI-assisted TKA group and the conventional TKA group. All arthroplasties were performed using a posterior-stabilized Vega prosthesis (B. Braun Aesculap, Tuttlingen, Germany) by a single surgeon (EKS) in both groups, and all prostheses were cemented.
Clinically, patients were assessed using the Hospital for Special Surgery (HSS) scale, Western Ontario and McMaster University Osteoarthritis Index (WOMAC) and Knee Society (KS) function and pain scores. These values were compared between the 2 groups at 3, 6, 12, and 24 months postoperatively. To avoid potential bias, plain radiographs and clinical outcomes were evaluated by two independent observers who were not involved in the surgical treatment of the patients and who were blinded to the intention of the study (JKS and SHL).
Radiologic evaluation included longleg weight-bearing anteroposterior radiographs, and anteroposterior and lateral radiographs of the knee joint were taken preoperatively, and at the 3-, 6-, 12-, and 24-month postoperative follow-up (Figure 1) . Radiologic parameters measured included the femorotibial mechanical angle and coronal inclination of the femoral and tibial prostheses on long-leg weightbearing anteroposterior radiographs, and sagittal inclination of the tibial prosthesis on the lateral radiographs of the knee taken at follow-up. Outcome was defined as "excellent" when values were within 2°, as "good" when values were within 3°, and as "outlier" when values were more than 3° from the optimum in coronal-femoral (), coronal-tibial (), and sagittal-tibial () angles, respectively. This study was approved by the Ethical Committee of Chonnam National University Hwasun Hospital, and all patients in this study provided written informed consent.
Statistical analyses were performed using SPSS version 20.0 statistical software for Windows (IBM Corp, Armonk, New York). The Kolmogorov-Smirnov test was used to determine the normality of distributions, and the independent samples t test was used to compare continuous variables. The outlier outcome rates for each parameter were compared using  2 test or Fisher exact tests when indicated. Statistical significance was considered when the P<.05.
Surgical Techniques
Three-dimensional CT scanning was performed preoperatively in the PSI-assisted TKA group. Using a reverse-engineering technique, optimal lower-limb alignment and rotational alignment were determined by 1 of the authors. Indigenous PSI jigs with a surface that matched the distal femur and proximal tibia were designed at the current authors' institution by the other author. These jigs, with their corresponding femur and tibia, were manufactured using a rapid-prototyping technique. Thirty-two primary TKAs were performed using PSI jigs.
All TKAs were performed using the standard medial parapatellar approach under general or epidural anesthesia and tourniquet control. The knee to be operated upon was prepared, and sterile drapes were applied. After exposure of the knee joint, the current authors carefully positioned the patient-specific jig over the articular surfaces, ensuring an accurate fit (Figure 2) . Then guided by the patient-specific jig, the current authors placed drill holes and pins in the periarticular bone, which then determined the orientation of standard cutting guides (Figure 3) . The patella was left unresurfaced, and patelloplasty with nerve denervation was performed in all patients. The current authors then carried out the remaining TKA procedure as usual.
All patients performed active and passive knee movements and gradual 
results
The study cohort comprised 48 (75.0%) women and 16 (25.0%) men. The mean age of the patients was 67.6 years, and the mean follow-up duration was 26.2 months ( Table 1) . There were no significant differences in preoperative demographic data between the 2 groups. Table 2 summarizes the current authors' clinical results, showing mean values and statistical comparisons between the 2 groups. In the conventional TKA group, the mean preoperative HSS score was 60.3 points (SD±8.2), WOMAC score was 42.1 points (SD±10.2), KS pain score was 21.6 points (SD±12.5), and KS function score was 51.3 points (SD±11.5). The HSS score improved to 88.9 points (SD±11.4), WOMAC score improved to 10.0 points (SD±9.0), KS pain score improved to 45.7 points (SD±7.1), and KS function score improved to 82.6 points (SD± 6.3) at the last follow-up.
The average preoperative range of motion (ROM) was 114.3° (SD±16.1°), and it improved to 124.6° (SD±12.8°) at the last follow-up visit.
In the PSI-assisted TKA group, the mean preoperative HSS score was 61.2 points (SD±7.4), WOMAC score was 43.0 points (SD±10.5), KS pain score was 22.1 points (SD±11.5), and KS function score was 52.1 points (SD±12.1). The HSS score improved to 91.8 points (SD±8.2), WOMAC score improved to 11.1 points (SD±8.7), KS pain score improved to 44.6 points (SD±6.9), and KS function score improved to 83.5 points (SD±16.5) at the last follow-up. The average preoperative ROM was 115.6° (SD±15.8°), and it improved to 125.5° (SD±12.4°) at the last follow-up visit. The clinical outcomes in both groups at the final follow-up were significantly improved from the preoperative values (P<.05). There were no significant differences in clinical and functional outcomes between the PSI-assisted TKA and conventional TKA groups ( Table 2) .
Malalignment >3° from neutral alignment in the mechanical leg axis occurred in fewer patients in the PSI-assisted TKA group than in the conventional TKA group (3.1% vs 15.6%, respectively). Malalignment of the femoral and tibial components in the coronal plane was defined as more than 3° deviation from 90°. For the femoral component in the coronal plane, 9.4% of patients in the PSIassisted TKA group and 9.4% of patients in the conventional TKA group had more than 3° from the neutral mechanical axis (P>.05). For the tibial component in the coronal plane, 3.1% and 9.4% of patients in the PSI-assisted TKA and the conventional TKA group, respectively, had more than 3° from the neutral mechanical axis (P=.045). For tibial component in the sagittal plane, 6.3% of patients in the PSIassisted TKA group and 9.4% of patients in the conventional TKA group achieved acceptable alignment between 80° and 86°(P>.05) ( Table 3) .
discussion
Appropriate mechanical limb alignment after TKA is essential for optimizing both patient functional outcome and implant fixation and wear durability. 8 Patient-specific instrumentation is a relatively new technology that aims to improve postoperative limb alignment, reduce the number of outliers, reduce the blood loss, avoid intramedullary instrumentation, and decrease cost. 9 In this study, PSI showed a significant improvement in accuracy and reduced the number of outliers during primary TKA. Previous studies have shown that the principal benefit of PSI cutting guides in TKA relates to improved coronal plane alignment, generally considered to be within 3° angulation from the mechanical axis. 2, 10, 11 Patient-specific instrumentation should improve the accuracy of limb alignment by guiding the critical bone cuts toward the ideal position for each patient. When compared with conventional cutting guides, PSI guides may be better able to overcome errors arising from extramedullary deformities, large bone canals, and other anatomic variations.
Despite the advantages, the reported accuracy of limb alignment with PSI guides has been mixed. Dossett et al found that alignment obtained with PSI guides led to improved knee flexion and better clinical outcomes, when compared with mechanical alignment with conventional instruments. 4 In contrast, Nunley et al found little advantage of using PSI guides in restoring limb axis over conventional instrumentation, although there were slight improvements in operating room time management with PSI technology. 12 The current authors' study showed significantly improved accuracy in the mechanical axis alignment and frontal plane alignment of the femoral component with PSI-guided TKA. Both groups showed significant and comparable improvement in the postoperative total ROM. Hospital for Special Surgery scale and function scores were similarly improved significantly in both groups postoperatively.
Both computer-assisted TKA, and patient-specific guides reflect advancements designed to improve the outcomes of TKA by reducing surgeon error, and by facilitating precise and accurate component positioning in TKA. 13 The current authors' study has a few limitations. The current authors' study population was relatively small, and the current authors performed a short-term follow-up study. It is possible that the average of 2.6 years of follow-up may not be long enough to detect differences in longterm clinical and functional outcomes.
conclusion
The current authors' data suggest that PSI may be helpful in assuring accurate limb alignment during TKA. However, use of PSI does not significantly improve the short-term clinical outcome of patients. During long-term follow-up, this is a significant advantage since precise extremity alignment is considered a valid short-term proxy for the long-term durability and function of TKA. If future studies can validate these advantages, then PSI-guided TKA may reflect the modern standard of surgical care in knee arthroplasties. Further follow-up is needed to ascertain the long-term impact of these findings.
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